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The Cassini project is an international effort to stLKiy the p]anct SatLlrn and its moons with
m orbital tour. The F, Llropcan  Space Agency’s (ISA) I Iuygens probe will be delivered to
Saturn’s moon Titan by the Cassini  spacecraft. This is the first mission to visit SatLm
since the flybys made by the two historic Voyager spacecraft in 1980 and 1981. Cassini
will arrive at SatLml in 2004, the climax of a long joLlrney that has just bcgLm. l’his paper
rcporls on the early experiences of the Cassini mission, with a focLls on trajectory
correction maneuvers. As of May 15, 1998, the strategy for the fourth such maneuver was
exccLltcd. These four maneuvers arc the focLls herein, although  p]ans anti strategies for
flltllr~  nlancLlvels arc mcntionccl  :1S wel l .

The interplanetary trajectory to SatLml  requires follr gravity-assists, two from Venus, one
from Ikth, ancl another from Jupiter. This trajectory, referred to as VVIiJCiA,  is dcpictect
below.
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FigLwc 1: interplanetary Trajectory

There arc seven years between launch and arrival at SatLm. There arc roughly 6.5 months
between launch ancl the first Venus swingby,  14 months between the two Venus swingbys,
and 55 clays between the second Venus swingby  and the Earth swingby.  The Jupiter
swingby  is about one-third of way into the sLlbseqLlcnt  5 years. AlthoLlgh,  no science
investigations ate plannecl, there arc many activities to be accomplished within this time,
including the execution of21 trajectory correction mancLlvers  (TCMS).
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I.aunch

The Cassini  spacccraf[ was launched on Octdm 15, 1997 by a Titan IV rocket  with a
Centaur upper stage. Together, these vehicles provided Cassini with a ]aLmch  energy in
excess of XX m~/s2. After separation from Cassini,  the Centaur executed a collision and
contamination avoidance maneuver (CKAM).  The C/CAM ensLlrccl  that the CcntaLtr  woLdd
flyby VcnLls clays later and thcmsancls  of kilometers fLulhcr  away than Cassini.
The ]aLmch delivered the spacecraft on a trajectory very C1OSC to the clcsid trajectory. The
post-launch (pre-’l’CM-  1 ) VcnLIs  flyby prediction is represented in the figure below. The
B*R, BQT coordinates relate to the B-plane and are cliscLlssccl  in the appmclix.
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FigLm 2: VcnLM Switlgby,  predicted from post-launch conditions
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Figure 3: Venus Swingby,  predicted from post-TCM-  1 conditions

The execLltion of this maneuver yielded some excitcmnt,  although there were no seriously [
threatening anmmilies.  First, the main engine was fired at temperatures and pressures
above those used during flight qualification testing. ‘1’his was due to some unexpected \
heating from the Radioisotope Thermoelectric Generators (RTGs) and a small leak in the ‘I,

ii

pressure regulator. Motivatccl by this leak, the systcm was operated in a blow-down moclc, ,
isolated from the regulator, althollgh the original plan was to allow the pressure to be
regulated during the firing. Second, slight errors in the ground-estimate of the spacecraft’s ~
center of mass were founcl  to cause a 10.7 milliradian pointing error.

TCM-2

The second TCM was designed to clean-up after the first, occLlring  aboLN ] 08 days later on
February 25, 1998. After the cxccLltion of ‘l’CM- 1 was analyzcc]  by the ilight  team, it was
clctermincd that a 90 nlnl/s maneuver woLild  bc rcquirccl  to tweak the trajectory so that the
desired swingby  conditions woL)ld bc achicvcd (and VcnLls-in~pact  avoided). As of the
“LaLlnch  +47 day” prediction, cxccLltion of ‘KM-2  woLdd probably c]iminatc the ncccl  for
TCM-3. The rcsLdts of execLltion arc T13D.
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Figure 3: Venus Swingby, predicted from post-TCM-  1 conditions

The execution of this maneuver yielded some excitement, although there were no serioLlsly
threatening anomalies. First, the main engine was fired at pressLlres and temperatures
above those used during flight qLlalification  testing. This was dLle to a small leak in the
pressure regulator plus the normal heating from the main spacecraft power source.
Motivated by this leak, the system was operated in a blow-down mode, isolated from the
regulator, although the original plan was to allow the pressure to be regulated dLwing the
firing. Second, slight errors in the ground-estimate of the spacecraft’s center of mass were
found to cause a 10.7 milliradian  pointing error.

TCM-2

The second TCM was designed to clean-up after the first, occLlring about 108 days later on
February 25, 1998. After the execLltion  of TCM- 1 was analyzed by [hc flight team, it was
determined that a 90 mntis maneuver would be required to tweak the trajectory so that the
desired swingby conditions would be achieved (and Venus-impact avoided). As of the
“Launch +47 day” prediction, execution of lCM-2 would probably eliminate the need for
TCM-3.  The results of execution are TBD.
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Figure 3: Venus Swingby,  preciictcd  from post-TCM-  1 conditions

The execution of this nmcLIvcI yiclclcd some excitement, but was vcrv nominal. First. the ‘ , I
main engine was fired at prcssur&  and tcmpcraturcs  above those usccl”clLwing  flight ‘ f; /
qualification testing. This was dLic to a small leak in the pressure regulator plLls the normal
heating from the main spacecraft power soLlrcc. Motivated by this leak, the system was ‘j> [ ‘<
operated in a blow-down mode, isolated from the regulator, althoLlgh  the original plan was
to allow the pressLwc to be regulated dLrring  the firing. Second, slight errors in the groLmcl-
cstimatc  of the spacecraft’s center of mass were foLmcl  to cause a 10.7 mill iradian pointing
error.

TCM-2

The second TCM was designed to clean-up after the first, occLlring  about 108 clays later on
FcbrLlary 25, 1998. After the execution of TCM- 1 was analyzccl  by the flight team, it was
determined th:it  a 90 mn]/s maneuver would be rcqLlircd  to tweak the trajectory so that the
clcsircd  swingby  conditions woLIld  be achievccl  (ancl  VenLls-inlpact  avoided). As of the
“l,aunch  + 47 day” prediction, cxccLltion  of TCM-2  WOLIICI probably eliminate the need for
TCM-3. The rcsLllts of execution arc TBD.


